The pattern of transition from mammallike reptiles to dinosaurs has been described by many authors (e.g., Cox, 1967 Cox, , 1973a Crompton, 1968; Robinson, 1971; Romer, 1972; Colbert, 1973; Bakker, 1975a Bakker, ,b, 1977 Bakker, , 1980 Halstead, 1975; Charig, 1980) . These authors have assumed that the mammal-like reptiles declined gradually in importance during the middle and late Triassic, and that dinosaurs and their ancestors, the thecodontians, rose to dominance at the same time.
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Conflict between mammal-like reptiles and dinosaurs is the usual cause proposed for this. Dinosaur and thecodontian superiority has been traced to their improved locomotory capability (Bakker, 1968 (Bakker, , 1971 Ostrom, 1969; Charig, 1972 Charig, , 1979 Charig, , 1980 Sill, 1974; Hotton, 1980) , or to an advanced thermoregulatory physiology, either a "warm-blooded" endothermy (Bakker, 1971 (Bakker, , 1972 (Bakker, , 1975a (Bakker, ,b, 1977 (Bakker, , 1980 or a "cold-blooded" inertial homeothermy (Spotila, Lommen, Bakken, and Gates, 1973; Halstead, 1975; Benton, 1979a,b; Hotton, 1980) . None of these explanations has gained universal approval, and they are all untestable speculations. Nevertheless, this "competitive model" is presented in all current textbooks and popular works dealing with the subject.
In order to examine this transition in detail, it is necessary to distinguish the pattern of historical events, which may be assessed on the basis of the known fossil record, from the process by which we seek to explain the pat- and an individual thecodontian or dinosaur species, in which the latter animal tended to come off best. In the long term, then, the dinosaur genera, families, and orders became established and replaced the mammal-like reptile orders. We may term this the "differential survival hypothesis." The alternative view, that which is presented here, is that the mammal-like reptiles as a group became extinct because of climatic and floral changes, and the dinosaurs radiated initially into empty adaptive zones. This may be termed the "opportunistic replacement hypothesis."
A simple classification of the reptile groups involved is given in Table 1 .
STRATIGRAPHY OF THE TRIASSIC REPTILE BEDS
The relative dating (stratigraphy) of the reptile beds within the Triassic period is complex and unsatisfactory. The Triassic is divided into several stages on the basis of marine molluscs (ammonites), and there are clearly major problems in trying to assign terrestrial deposits to these stages, since Triassic ammonites and reptiles are rarely found associated. Attempts are now being made, however, to correlate the standard ammonite stages with zones based on spores and pollen (Anderson, 1980; Schopf and Askin, 1980) . A summary of the main reptile beds of the Triassic, based on the work of Cox (1967 Cox ( , 1973b , Sill (1969 ), Colbert (1975 , Olsen and Galton (1977) , Anderson and Cruickshank (1978) , Bonaparte (1978) , Cooper (1982) and many others, is given in Fig. 1 . The terms "Formation," "Series," and "Zone" are used for the different reptile beds according to local custom, and they may be regarded as roughly equivalent. A "Group" includes several Formations, and a "Member" is a subdivision of a Formation.
There has been some controversy over the correct placement of the Santa Maria Formation and the Ischigualasto Formation, which are assigned here to the Carnian or Norian stages of the Upper Triassic. Romer (1970 Romer ( , 1975 argued that these were Middle Triassic in age, but the close resemblance of elements in their faunas to those of the German Mittelkeuper, the Lossiemouth Sandstone Formation of Scotland, parts of the Chinle Formation and Dockum Group of the western United States, and the Maleri Formation of India now places them firmly in the Upper Triassic. Full details will be given elsewhere.
METHODS OF ANALYSIS
The basic approach in the present analysis was to plot numbers of individuals within major faunas against time, rather than numbers of genera or families against time.
The latter approach (diversity analysis) is useful in the calculation of rates of evolution.
It says little, however, about the composition of faunas, and may give an erroneous impression of the importance of different groups. For example, according to diversity charts of Triassic reptiles (e.g., Colbert, TABLE 1 Classtfication of the major terrestrial reptile groups of the late Permian and T Modified from Romer (1966) and Anderson and Cruickshank (1978 some of the German faunas.
Reptile footprint faunas are not considered here because of a lack of published numerical data about them, and the difficulty of obtaining such without extensive fieldwork. They appear, however, to reveal the same story as the body fossils (Haubold, 1971 (Olson, 1952 (Olson, , 1971 Romer, 1970 Romer, , 1972 Romer, , 1973 Romer, , 1975 Bakker, 1977; Anderson and Cruickshank, 1978) .
The "middle" Permian Tapinocephalid Empire (Anderson and Cruickshank, 1978) was dominated by small dicynodonts and medium-to-large dinocephalians and parei- (Newell, 1967; Schopf, 1974 
North America and Europe
The sequence of Empires that is so well developed in South Africa, South America, and many other areas, breaks down when we try to classify the faunas from the middle to late Triassic of the United States and parts of Europe. The differences do not indicate separate areas of faunal development (e.g., Gondwanaland and Laurasia, Colbert, 197 1) because many elements are shared between north and south (Romer, 1970; Charig, 1971; Cox, 1973a) and are restricted to the Norian and Rhaetian. They occur in the Metoposaur/Phytosaur Empire and subsequently in some prosauropod faunas of the latest Triassic.
The early Norian Maleri Formation of India (Fig. 6 ) contains a perfect mix of elements of the Rhynchosaur/Diademodontid Empire and the Metoposaur/Phytosaur Empire. The reptiles and ostracods clearly point to strong northern affinities, although India is normally assumed to have been joined to Africa in the Triassic (Sohn and Chatterjee, 1979) . The early Norian Lossiemouth Sandstone Formation of Elgin (see Fig. 6 ) has no mammal-like reptiles, but the rhynchosaur Hyperodapedon and the thecodontian Ornithosuchus are closely comparable to South American forms. The Elgin fauna shows no particular affinities with the then neighboring German and North American faunas except for cosmopolitan forms. These transi- Metoposaurus, phytosaurs, and aetosaurs (see Figs. 4, 5: Colbert, 1974a replacing. Individuals and species may be subject to selection at different levels in a hierarchy of evolution (microevolution and macroevolution respectively: Eldredge and Gould, 1972; Stanley, 1975) , and reasons for each extinction and replacement may be found. This deterministic approach may not be valid in seeking explanations for largerscale replacements. In such cases, it has been argued (e.g., Schopf, 1979 ) that we should adopt a stochastic point of view, in which origination and extinction are considered to be random with respect to taxonomic group.
Nevertheless, I believe that it is still worthwhile to seek particular explanations for certain large-scale replacement events in the past, and that the fossil record contains the data to test these explanations.
A fauna in equilibrium may be perturbed, (1) positive differential survival of all species in a particular group, giving the predecessor group a high extinction rate and the successor group a high origination rate;
(2) opportunistic replacement displayed by all species in a group after the extinctionof another group;
(3) a random mixture of (1) and (2).
When put in these terms, it seems most un- There is no question that thecodontians and dinosaurs had a semi-erect or erect limb pose that was better adapted for supporting weight than was the sprawling limb pose of the early synapsids. It can be argued that it was also better adapted for fast locoffiotion.
Middle and late Triassic cynodonts were highly advanced in their dentition, however, and they also had an obligatory erect hindlimb gait (Kemp, 1980) . It is also more likely that these middle and late Triassic synapsids were endothermic than that the thecodontians and dinosaurs of that time were (Brink, 1956; McNab, 1978; Benton, 1979a; Baur and Friedl, 1980) . The middle and late 
Environments of Triassic Reptiles
In the Triassic, all continents were united as the "super-continent" Pangaea, and worldwide faunal similarities existed during this time. There were apparently no polar ice caps, the surface temperatures of the earth were generally higher, and climates around the world were more uniform than today. Fluviatile, lacustrine, and aeolian depositional environments were dominant, and in the middle Triassic, thick evaporite (halite) sequences filled basins in northeastern North America, western Europe, and north Africa (Frakes, 1979) . Pangaea drifted north during the Triassic (Smith and Briden, 1977) , and the combined area of South Africa and South America, for example, moved from latitudes 60-70? to 40-50?. The northward drift moved this continental mass into warmer, more arid climatic zones during the course of the Triassic (Kremp, 1977) , and this shift must have influenced the faunas.
Northern areas (Europe, North America)
did not move so far in latitude because of rotations occurring near the equator, and their climates probably did not change so much during the Triassic.
An analysis of the sedimentology of important Triassic reptile sites (Tucker and Benton, in press) shows that nearly all are from lowland situations, and these may be classified into three groups:
(1) moist, warm, equable lakeside and riverside; (2) and Anderson, 1970; Retallack, 1977) .
Dicroidium and its relatives (e.g., Xylopteris, Johnstonia) were abundant in a range of habitats from broadleaf forest and heath to xerophytic woodland. Other elements of the Dicroidium Flora include equisetaleans (e.g., Neocalamites), filicaleans (ferns, e.g., Cladophlebis), "cycadophytes" (e. g., Taeniopteris),
Ginkgoales (e.g., Baiera), and conifers (e.g., Podozamites) (Anderson, 1974; Retallack, 1977 Jersey, 1975; Retallack, 1977 Anderson, 1970; Barnard, 1973; Hughes, 1976; Miller, 1977) , with well-known representatives in Argentina, Yorkshire (England), Greenland, and Germany.
The Role of the Rhynchosaurs
The importance of the rhynchosaurs in Triassic faunas was stressed by Romer (1960, 1963, 1970, 1972, 1975) Rhynchosaurs probably derived from the basal diapsid stock during the Permian, and they share some thecodontian and some primitive eosuchian features (Cruickshank, 1972; Carroll, 1977) . The earliest so-called rhynchosaurs, Noteosuchus fKom the Lystro- These approximately contemporary animals are all medium to large in size, they all dominate their respective faunas, they all display identical adaptations, and they all appear to have become extinct throughout the world at the same time, the middle Norian. This is an important point that was not evident when the rhynchosaurs were considered to be mainly middle Triassic in age, with a few late survivors in Scotland and India (Romer, 1975) .
Rhynchosaurs were squat quadrupedal animals with sprawling limbs and large claws (Fig. 8a) . Their heads were large and triangular in top view. In side view (Fig. 8b) , several characteristic points are evident: they had large eyes, curved, pointed bony "tusks," a curved roller-like upper tooth row, and a deep boat-shaped lower jaw. In palatal view (Fig. 8c) , the small conical teeth are seen to be arranged in dense rows on the maxilla, separated by a central groove. The lower jaw cut like a penknife blade upwards into the groove, but there was little back and forwards motion of the jaw and no sideways chewing movement. The deeply rooted teeth and the bone at the crest of the lower jaw were worn to a blade that fitted snugly into the groove, and the upper teeth were worn only at the side of the groove.
It has been suggested that rhynchosaurs ate plant material (Huene, 1939; Romer, 1960 Romer, , 1963 Sill, 1971) or molluscs (Burckhardt, 1900; Chatterjee, 1974 Chatterjee, , 1980 . The latter interpretation does not seem likely because of the lack of wear on the upper teeth in most specimens, and the inappropriateness of the shearing jaw action for dealing with hard-shelled animals. Also in favor of a herbivorous diet is the barrel-shaped body (that would accommodate a large gut for the slow digestion of plants), the large numbers of these animals present in all faunas, and the absence of abundant fossil mollusc shells. The plant materials suggested by Romer (1963) and Sill (1971) as forming the rhynchosaur diet include the "fruit" of lycopsids, sphenopsids, and ferns, artichoke-like bennettitaleans, seed-ferns, and cycad rhizomes. (Bonaparte, 1978; Galton, 1973) . Many socalled dinosaurs of this age, and earlier, have been described (e.g., Poposaurus from Wyoming and elsewhere; Triassolestes from Argentina; Ornithosuchus from Elgin; Spondylosoma from Santa Maria), but these are now classified as advanced thecodontians (Bonaparte, 1978; Galton, 1977; Galton and Cluver, 1976). The following predictions may be made from the last part of this model, and they may be tested by further fossil finds:
(1) Large synapsids or rhynchosaurs will not be found associated with large dinosaurs.
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